Memory is not a passive process in which we indiscriminately retain information from our environment. Instead, variables such as context and prior experiences filter which information is retained and the accuracy with which that retention occurs. One important such filter is the emotional state (12) .
From an evolutionary and functional perspective, animals (including humans) would appear to benefit little from having memories for trivial events that are as strong as memories for important events. Hence, brain mechanisms have evolved for storing information that reflects the degree to which the information is worth storing (13) . An essential component of the neural circuitry underlying emotional responses is the amygdala (14) . Initial studies in this field reported that damage to the amygdala decreased the emotional responsivity of animals (15, 16) . Subsequent work confirmed the essential role of the amygdala in the expression of emotions and the formation of emotion-related memories (14, 17, 18) . Damage to the amygdala in humans and animals results in a profound impairment in learning ability, especially in those tasks that require the subject to make a connection between environmental stimuli and strong emotional responses (17, (19) (20) (21) (22) .
Emotional states range from positive to negative, and both states can range from low to high levels of arousal. Most research has focused on the negative emotional state due to the profound neurobiological effects of stress on learning and memory. These effects are believed to be the basis of many cognitive and affective changes in health and disease (12) .
One of the enigmatic findings in the literature is that heightened emotionality can either impair or enhance memory, depending on experimental conditions. Specifically, it was found that the effects of stress and glucocorticoids on hippocampal plasticity and on memory consolidation of hippocampal-dependent learning follow an inverted-U-shape doseresponse relationship: extreme low and high levels may impair plasticity or consolidation (23) (24) (25) (26) (27) (28) (29) (30) whereas moderate activation of glucocorticoids receptors seems to be a prerequisite for the long-term storage of information (31) (32) (33) (34) (35) .
The aim of the following review is to try to describe a system, focusing on the amygdala and the hippocampus, that acts synergistically to form long-term memories of significantly emotional events. These brain structures are activated following an emotional event and cross-talk with each other in the process of consolidation. This dual activation of the amygdala and the hippocampus and the dynamics between them may be what gives emotionally based memories their uniqueness.
Stress and the Hippocampus
All living organisms experience stressful events during their lifetime. Stressful stimuli elicit a spectrum of physiological responses vital for the maintenance of homeostasis, the most prominent of which is the activation of the hypothalamic-pituitary-adrenal (HPA) axis.
Brief periods of stress can potentiate memory formation, whereas more severe or prolonged stress can have deleterious effects upon broad aspects of cognition (12) . It has been suggested that the effects of stress and in particular glucocorticoids on memory are mediated through their influence on the hippocampus.
One of the best-characterized effects is the capacity of psychological stress and stress induced levels of glucocorticoids to disrupt long-term potentiation (LTP) and primed-burst potentiation (PBP). Numerous of studies, using a broad range of stressors (novelty, restraint, shock, predator exposure) have consistently shown that stress or elevated levels of corticosterone inhibit the induction of excitatory plasticity (LTP and PBP) and promote the induction of inhibitory plasticity (long-term depression; LTD) (27, 29, 30, (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) . Nevertheless, lower concentrations of corticosterone, such as those that occur naturally during the diurnal rise, enhance such plasticity (37, 46, 47) . 12 
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There is also evidence for the biphasic effects of stress and corticosterone on the performance in hippocampal-dependent forms of learning and memory. There are several studies supporting the positive or permissive role of glucocorticoids in the construction of memories. For example, adrenalectomy or injecting a glucocorticoid receptor (GR) antagonist impairs performance in a spatial learning task (31) . Likewise, an intra-cerebral injection of corticosterone enhanced the development of a chick's longterm memory and this effect was reduced by injection of either mineralocorticoid receptor or GR antagonists (34, (48) (49) . Finally, rats injected with the GR antagonist 1 h prior to or immediately after contextual-fear conditioning displayed less contextual-fear conditioning than rats injected with vehicle (32) .
Other studies have shown that acute stressors impair hippocampal-specific learning. For example, inducing a foot shock or corticosterone administration 30-min before a retention test for the spatial task in the water maze impaired retention (33) . In addition, a high dose of corticosterone or GR agonist 2 h prior to training in the Y maze resulted in impaired spatial memory (24) . Finally, placing rats in close proximity to a cat, which evokes an intense fear response in the rats, impaired their memory for recently acquired spatial information (26, 50) .
In conclusion, hippocampal functioning is highly sensitive to levels of emotionality. Evidently, stress modulates the ability of the hippocampus to store and retrieve information in an inverted U-shaped function.
Amygdala-Hippocampus Interactions
Long-term memories are considered to be consolidated over time. Substantial evidence suggests that the slow consolidation of memories serves an adaptive function by enabling endogenous processes activated by an experience to modulate memory strength (51) . Adrenal stress hormones, epinephrine, and glucocorticoids released by emotional arousal appear to play an important role in enabling the significance of an experience to regulate the strength of memory of the experience (30, 37, 40) . Activation of the amygdala is critical for mediating the influences of epinephrine and glucocorticoids because amygdala lesions block the effects of these modulators on consolidation (51) (52) (53) .
The hypothesis that the amygdala modulates hippocampal memory storage is rooted in several lines of research, at the anatomical, electrophysiological, and functional levels.
Anatomical Evidence
The most widespread projections from the amygdala to the hippocampal formation originate in the basal nucleus, which projects substantially to the entorhinal cortex (EC), CA3 and CA1 fields of the hippocampus, the subiculum, and the parasubiculum. The accessory basal-nucleus projects substantially to three components of the hippocampal formation: the EC, the CA1 field, and the parasubiculum. The main projections from the lateral nucleus are directed to the EC and the parasubiculum (54).
Electrophysiological Evidence
Evidence from several studies indicates that amygdala activity influences the induction of hippocampal LTP. Population spike (PS)-LTP in the dentate gyrus was attenuated by lesion of the basolateral amygdala (BLA) (55) or by injection of the local anaesthetic tetracaine into the BLA (55, 56) .
High-frequency stimulation (HFS) of the basomedial amygdala or the BLA applied at the same time as tetanic stimulation of the perforant path (PP) facilitated dentate gyrus PS-LTP (57, 58) , whereas lesioning the fimbria-fornix impaired BLA induced reinforcement of LTP in the dentate gyrus (59) .
Recently, we found that priming the BLA 30-s prior to PP stimulation resulted in the facilitation of the excitatory post-synaptic potentials (EPSP)-LTP in the dentate gyrus (60) .
It should be noted that these effects are not necessarily indicative of a direct, monosynaptic BLA-DG projection. For example, similar consequences could be the result of the activation of the anatomically described projection of the BLA to the DG via a pathway relaying in the EC.
Functional Evidence
Several lines of evidence support the notion that the amygdala has a modulatory influence on memory-related processes in the hippocampus, although the mechanism of action is not well-understood.
Lesions of the stria terminalis (a major afferent/efferent pathway of the amygdala) were found to attenuate the effects of post-training intra-amygdala drug treatments on hippocampus-dependent memory tasks (61, 62) . Another study has shown that an intra-amygdala injection of N-methyl-D-aspartate (NMDA) induces c-fos expression in the dorsal hippocampus (63) .
At the behavioral level, post-training injections of amphetamine into the caudate selectively enhanced retention of a cued task, whereas amphetamine injected into the hippocampus selectively enhanced retention of a spatial task. In contrast, amphetamine injected into the amygdala enhanced retention of both tasks (64) .
BLA lesions were also found to have an effect on hippocampal-dependent learning. BLA lesions block the memory-modulating effects induced by a GR agonist infused into the hippocampus (65) and also block memory impairment induced by either adrenalectomy or intrahippocampal infusions of a GR antagonist (66, 67) .
We have recently shown (36) that priming the amygdala prior to stimulation of the PP modulates hippocampal synaptic plasticity in an interval-dependent manner, i.e., enhancement with a 30-s interval and inhibition with a 1-h interval. Furthermore, exposing rats to a stressor 1-h prior to priming the amygdala in proximity to PP stimulation blocked the enhancing effects of BLA priming on hippocampal plasticity.
Based on these results, we proposed that the amygdala has a bi-phasic effect on hippocampal plasticity: a fast excitatory phase that may serve as a marker for emotional events (emotional tagging), and a slower inhibitory phase that may be beneficial in reducing masking effects of following, less-significant events during the initial consolidation stage.
Plasticity in the Amygdala
The amygdala is an essential component of the neural circuitry involved in emotional responses, in general, and in attaching emotional significance to learned stimuli (14) . The specific role of the amygdala in memory formation has been a topic of recent debate (68, 69) .
While there is an agreement regarding the role of the amygdala in modulating memorystorage processes occurring in other brain regions, there is a dispute over whether or not the amygdala serves as the site of long-term emotional-memory storage (reviewed in ref.
70).
Several lines of evidence support the role of the amygdala in the storage of emotional memories. Post-training lesion studies indicate that the amygdala holds information relevant to some aspects of fear conditioning (71) (72) (73) , though others seem to be independent of amygdalar contribution (74, 75) . Both subcortical and cortical inputs to the amygdala were shown to be amenable to LTP (76) (77) (78) . Furthermore, amygdala cells develop learninginduced changes in discharge activity. These alterations were found to reflect a combination of plasticity projected on the amygdala from its afferents interacting with plasticity intrinsic to the amygdala (76, 79) . Perhaps the most significant support comes from recent experiments in which fear conditioning was found to induce LTP in the amygdala, both in vivo and in vitro (80, 81) . Importantly, LTP was not induced by either the conditioned stimulus or the uncon-
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Richter-Levin and Akirav ditioned stimulus alone. Only the conditioned association between the two was effective in inducing LTP in the amygdala. Similarly, we have recently observed activation of MAPK/ERK (mitogen-activated protein kinase/extracellular regulated-kinase) in the amygdala following a stressful spatial-learning paradigm (82) . Spatial learning under less stressful conditions or the mere exposure to high levels of stress were not effective, suggesting that the amygdala is involved in storing information relating to the interaction between the emotional and cognitive aspects of the experience. MAPK/ERK activation is likely to activate a cascade of molecular events that will lead to the synthesis of new proteins and the consolidation of long-term memory. Thus, the stress/spatial learning-specific activation of the kinase supports the notion that plasticity within the amygdala subserves some aspects of long-term emotionally charged memories.
Clearly, if a role of the stored aversive events in the amygdala is to enhance memory consolidation in other brain areas that represent and store different aspects of the experience (69), then plasticity within the amygdala can be expected also to modify the way the amygdala exerts this function.
Hippocampus-Amygdala Interactions
Anatomical studies have revealed that a prominent source of BLA afferents is the hippocampal formation. These projections course through the ventral angular bundle (VAB) and arise from the CA1, the ventral subiculum, and the EC (83) (84) (85) (86) . Intracellular-recording studies have suggested that hippocampal formation-BLA projections are monosynaptic (87) and glutamatergic (88) . The hippocampal formation-BLA projection is suspected of having a specific role in Pavlovian fear conditioning, of conveying information about contextual stimuli from the hippocampal formation to the BLA. Maren and Fanselow (77) found that HFS to the VAB produced an enduring LTP. Furthermore, they showed that electrolytic lesions placed in the regions of the hippocampal formation that project to the BLA eliminated Pavlovian fear conditioning to a contextualconditioning stimulus. It has been suggested (89) that the hippocampus contributes to fear conditioning in transmitting complex kinds of signals (e.g., the association of context with the US).
These results indicate to changes in neural responses in the BLA following different hippocampal-induced manipulations. However, further research is necessary for displaying hippocampal formation modulation of amygdala-dependent learning.
Summary
There has been extraordinary progress in the last few years in trying to understand the neurobiology of learning, particularly learning about emotional events. Emotional events are, of course, accompanied by strong arousal, the mechanisms of which are suggested to promote brain processes responsible for the encoding of new information.
Two main brain areas that are essentially involved in the encoding and consolidation of emotionally charged experiences are the hippocampus and the amygdala. These two brain areas are obviously amenable to changes following an emotional learning experience. The information about an emotional event may be stored in parallel in both structures while each structure probably encodes a different aspect of the experience. Moreover, it has been demonstrated that the amygdala modifies the hippocampus responses and vice versa. Consequently, a dynamic interaction may exist between the amygdala and the hippocampus and this may underlie the dynamic nature of memories. For example, the hippocampus may receive information from the amygdala concerning odors and dangerous stimuli, and from neural circuits involved in classical conditioning. Correspondingly, the amygdala may receive information from the hippocampus that enables it to put the event into the proper con-text. Furthermore, experience-dependent alterations in the hippocampal formation will influence the way the amygdala will process future emotional experiences and vise versa. The consolidation of new memories into long-term memories is time dependent and it may be that the cross-talk between the two structures plays an important role in regulating the strength of memory for emotionally based experiences.
The amygdala, the hippocampus, and the stress hormones are key players in emotional learning, but other brain regions and systems are involved as well. For example, the prefrontal cortex was found to actively modulate extinction of amygdala-related aspects of memory (90, 91) . Stimulating the hippocampus may induce LTP in the prefrontal cortex (92) (93) (94) (95) and the amygdala modulates plasticity in the hippocampus (36, (55) (56) (57) . Whether the amygdala directly modulates plasticity in the prefrontal cortex is yet to be studied.
The understanding of the nature of these dynamic connections may shed light on how emotional memories endure and under what circumstances emotion interferes with consolidation. In addition to the understanding of what is the underlying mechanism in normal life situations, it is important to understand what happens in memories that are out of the "ordinary" scale of remembering. Two examples of such extraordinary memories are the flash-bulb memories and flashbacks within post-traumatic stress disorder (PTSD), in which the events were enormously emotional at the time they occurred.
With the understanding gained from the research into the dynamic interactions between relevant brain structures, we can hope for better comprehension of the neural mechanisms involved in affective disorders such as anxiety and PTSD.
